TOR as one mediator of the toxic effect of rapamycin in yeast (Heitman et al. 1991; Kunz et al. 1993) . Shortly after, the mammalian TOR (mTOR), now officially known as the mechanistic TOR, was identified as the physical target of rapamycin ( Fig. 1) (Brown et al. 1994; Sabatini et al. 1994; Sabers et al. 1995) . mTOR interacts with many proteins to form at least two distinct multiprotein complexes: mTOR complex 1 (mTORC1) and mTOR complex 2 (mTORC2) (Zoncu et al. 2011 ). In addition to their different protein compositions, the mTOR complexes have important differences in their sensitivities to rapamycin, in the upstream signals they integrate, in the substrates they regulate, and in the biological processes they control (Laplante and Sabatini 2009b) . mTORC1 is sensitive to rapamycin and integrates inputs from at least five major signals-growth factors, genotoxic stress, energy status, oxygen, and amino acidsto regulate many processes involved in the promotion of cell growth and proliferation (Fig. 2) . With the exception of amino acids, all of these inputs regulate mTORC1 activity by modulating the activity of TSC1-TSC2. TSC1-TSC2 negatively regulates mTORC1 activity by converting Rheb into its inactive GDP-bound state. Growth factors block TSC1-TSC2 activity and activate mTORC1, whereas genotoxic stress, energy deficit, and oxygen deprivation promote TSC1-TSC2 action and inhibit mTORC1. Conversely, amino acids activate mTORC1 through the action of the Rag GTPases. In the presence of amino acids, the Rag GTPases interact with mTORC1, which promotes its translocation from the cytoplasm to lysosomal membranes, where Rheb is thought to reside.
When activated, mTORC1 promotes protein synthesis mainly by phosphorylating the kinase S6K and the translation regulator 4E-BP1 (Ma and Blenis 2009 ). This complex also induces lipid biogenesis by activating SREBP1 and PPARg transcription factors (Laplante and Sabatini 2009a) . In addition to promoting anabolism, mTORC1 also inhibits catabolism by blocking autophagy through the phosphorylation of the ULK1-Atg13-FIP200 complex. Importantly, sustained mTORC1 activation blocks growth factor signaling by activating many negative feedback loops that inhibit PI3-kinase (PI3K) signaling.
Compared with mTORC1, our knowledge of mTORC2 biology is still very limited. mTORC2 is activated by growth factors through a mechanism that is not well understood.
It is insensitive to acute treatment with rapamycin and regulates cell survival, metabolism, and cytoskeletal organization by phosphorylating many AGC kinases, including Akt, SGK1, and PKCa (Laplante and Sabatini 2009b; Zoncu et al. 2011) . Figure 2 adapted from Laplante and Sabatini (2009b) .
